Photoluminescence properties of BaxSryLi zSiO4:Ce3+, Mn2+ phosphors for NUV-LED lighting by Lin, Yisen et al.
 
39
Photoluminescence Properties of BaxSryLizSiO4:Ce3+, Mn2+  Phosphors for NUV-LED 
Lighting 
 
Yisen Lin, Zhaoxian Xiong*, Liqing Hong, Hao Xue, La Chen 







A series of Ce3+, Mn2+ codoped 
BaxSryLizSiO4:Ce3+, Mn2+ phosphors were 
synthesized by partially liquid-phase method. The 
effects of Ba/Sr ratio, Ce/Mn ratio and lithium 
content on the emission spectra of the 
BaxSryLizSiO4:Ce3+,Mn2+(BSLS:Ce,Mn) phosphors 
were investigated in details, which showed blue 
emission around 410nm wavelength and red 
emission at about 620nm wavelength, respectively. 
With the increasing of Sr/Ba ratio, the color of 
BSLS:Ce, Mn was changed from orange to red. 
However, the intensity of blue emission was 
reduced and red emission was enhanced with an 
incensement of Mn/Ce ratio. The strongest intensity 
of emission for the phosphor was obtained at Li 





Conventional incandescent and fluorescent lamps 
rely on either heat or discharge of gases. Both 
phenomena are associated with large energy losses 
that occur because of the high temperatures and 
large stokes shifts involved [1]. White light-
emitting diodes (LEDs) as illumination light 
sources have attracted more and more attention 
because they have advantages of precise 
wavelength, color output, long lifetime, reliability, 
energy savings, and small packaging [2,3]. In order 
to replace the traditional light bulb for the general 
lighting, it is necessary for us to develop 
technologies for the fabrication of white LEDs with 
higher efficiency and lower cost [2]. 
In general, there are three methods of creating 
white light in LEDs: a) using three individual 
monochromatic LEDs with blue, green and red 
colors; b) combining an ultraviolet (UV) LED with 
blue, green, and red phosphors; cusing a blue 
LED to pump yellow or green and red phosphors 
[4]. Currently the third method is the most common 
method of creating white light. The most popular 
approach is to coat a blue InGaN LED chip with 
YAG:Ce3+. When the chip is driven under certain 
current, blue light is emitted by the InGaN chip 
through electron-hole recombination in the p-n 
junctions. Some of the blue light from the LED 
excites the YAG:Ce3+ phosphor to emit yellow 
light, and then the rest of the blue light is mixed 
with the yellow light to generate white light[5]. 
Unfortunately, blue LEDs pumped white LEDs 
with YAG:Ce3+ suffer some weakness, such as poor 
color rendering index (CRI). White UV-LEDs 
fabricated by UV-LED chips coated with red-
green-blue tri-color phosphors could conquer the 
afore-mentioned problems owing to the invisible 
emission of the LED chip and white color 
generated by phosphors [6]. 
In recent years, silicate phosphors were widely 
investigated because of its excellent thermal and 
chemical stability. Mckeag and his coworkers 
reported the emission spectra of Ce3+, Mn2+ 
codoped barium strontium lithium silicate [7,8], 
however, no further research about the impact of Li 
content. In this paper, a series of Ce3+, Mn2+ co-
doped silicate phosphors were investigated in 
details. 
 
Experimental    
 
  The BaxSryLizSiO4:Ce3+, Mn2+ phosphors were 
prepared via partially liquid-phase method. The 
starting reagents were BaCO3 (A.R.), SrCO3 (A.R.), 
Li2CO3 (99.9%), SiO2 (99.9%), CeO2 (99.99%) and 
MnCO3 (A.R.). The raw chemicals were weighed 
stoichiometerically. Parts of raw reagents BaCO3, 




SrCO3, CeO2  and MnCO3 were put into a certain 
amount of nitric acid to obtain nitrate solution, and 
then ground well with Li2CO3 and SiO2. The 
mixture were dried and heat-treated at 950oC for 4h 
under a reducing atmosphere (95% N2 + 5% H2) 
and then cooled to room temperature. 
   The structure of samples were identified by an 
X-ray powder diffractometer (X'pert PRO) with Cu 
K radiation (=15.4056 nm). Photoluminescence 
properties were measured by a spectrometer, 
Hitachi F-7000.  
  
Results and discussion  
 
  1. XRD patterns  
  The XRD patterns of the 
BaSrLi0.15SiO4:0.1Ce3+, 0.5Mn2+ was showed in 
Fig. 1, in which no peaks matched with BaSiO4 or 
SrSiO4, but seems to be a new phase that was not 
able be found in JCPDS. However this patterns had  
similar profiles with those reported by Mckeag and 
Steward [7]. It could be seen from Fig. 1 that the 
crystal structure kept almost the same with the ion 
replacement of barium by strontium. The 
diffraction peaks were slight right-shifted with the 
increasement of Sr/Ba ratio due to the radius of 














Fig. 1  XRD patterns of BSLS:Ce, Mn 
 
2. Photoluminescence properties  
 
The excitation spectra of BaSrLi0.15SiO4:0.1Ce3+, 
0.5Mn2+ was presented in Fig. 2. The excitation 
spectra contained two broad bands with the maxima 
at 285nm and 340nm. Both of them were attributed 














Fig. 2 Excitation spectrum of BaSrLi0.15SiO4:0.1Ce3+, 
0.5Mn2+ 
 
The photoluminescence spectra of Ce3+, Mn2+ 
co-doped BSLS phosphors with different Ba/Sr 
ratios were shown in Fig. 3. The spectra showed 
two broad emission bands under near UV 
excitation. The violet-blue emission band centering 
at 410nm was ascribed to the d-f transition of Ce3+. 
The red emission band was ascribed to the 
transition 4T1-6A1 of Mn2+, which usually given a 
green emission in a weak crystal-field as well as an 
orange to red emission in a strong crystal-field. 
When the Ba2+ was replaced by Sr2+ in the BSLS, 
the crystal-field strength became stronger for Mn2+, 
as the radium of Ba2+ was larger than Sr2+, which 
resulted in the decreased of energy separation 
between the 4T1-6A1. With the increasing of Sr/Ba 













Fig. 3  PL spectra of BSLS:Ce, Mn with different Ba/Sr 
ratios 
 








































































 The PL emission spectra for Ce3+, Mn2+ co-
doped BaSrLi0.15SiO4 with different Ce3+/Mn2+ 
ratio excited under 340nm were shown in Fig. 4. 
Since Mn2+ has 3d5 configuration and the optical 
absorption transitions were parity and spining 
forbidden, the Mn2+ d-d absorption transition were 
difficult to pump[9], Ce3+, Mn2+ co-dopped could 
ameliorate this condition because of efficient 
energy transfer from Ce3+ to Mn2+, as the Ce3+ 
emission covered some Mn2+ excitation band in 
BSLS. With the increase of Mn/Ce ratio, the blue 














Fig. 4  PL spectra of BSLS:Ce, Mn with different 
Ce3+/Mn2+ ratio 
 
The PL spectral of Ce3+,Mn2+ co-doped 
BaSrLizSiO4 with different Li content were 
presented in Fig. 5. It could be seen that the content 
of Li significantly affect the intensity of emission 
for the phosphors. With the change of Li content 
from 5% to 25%, an optimal performance was 
obtained when Li content was 15%. Although the 
Li was a constituent of the complex silicate lattice, 
it might also played as a charge compensator for the 






























A series of Ce3+, Mn2+ co-doped BSLS 
phosphors were successfully synthesized via 
partially liquid-phase method. The BSLS:Ce, Mn 
phosphors showed two emission bands, one around 
410nm and another 610nm, under excitation of 
340nm. With the increasing of Sr/Ba ratio, the red 
emission peaks was changed from 610nm to 
635nm. The intensity of blue emission was reduced 
but red emission was enhanced with an increasing 
of Mn/Ce ratio. An optimal performance of 
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